peptides.
Five types of islet cells were recognized. The B and D cells reacted to anti-insulin and anti-somatostatin sera, respectively. The A and X cells exhibited glucagon-like immunoreactivities.
The N-terminal anti-glucagon serum reacted both to the A and the X cells, while the C-terminal anti-glucagon serum bound specifically to the X cells. These results suggested that the X cells contained pancreatic-type glucagon, whereas the A cells, an enteroglucagon (glicentin)-like substance.
A fifth type of endocrine cell was scattered in the islets and contained serotonin-like immunoreactivity. Two kinds of peptide nerves were identified.
Vasoactive intestinal polypeptide (VIP)-immunoreactive neuronal somata were located in the intrapancreatic ganglia. Nerve fibers and terminals containing VIP-like immunoreactivities occurred in the pericapillary space surrounding the islets. Gastrin releasing peptide (GRP)-immunoreactive nerve somata and fibers were scattered along the margins of the islets.
The pericapillary arrangement of these nerve terminals suggests a hemocrine release of the peptides.
The holocephalian fish occupies an important position in the evolution of pancreatic islets. In cyclostomes (Lampetra and Myxine) the most primitive islet consists of insulin producing B and somatostatin producing D cells. This islet, however, has no relation to the exocrine pancreas.
The first pancreas-associated islet system, then, is recognized in holocephalian and elasmobranchial fishes. In the former, genuine pancreatic islets comparable to mammalian islets are formed, while in the latter the islet cells are usually represented by the outer layer of pancreatic ducts.
The histology of the pancreatic islets of the ratfish Chimaera monstrosa has been described by FUJITA (1962 FUJITA ( , 1964 . The islet cells of the ratfish are classified into four types, namely A, B, D and X cells. The X cells, so designated by FUJITA (1962) , account for roughly half of the islet cell population and are characterized by a spindle-like cell form and secretory granules stained reddish gray by azan or Masson-Goldner's trichrome.
In the pancreatic islets of another holocephalian fish Hydrolagus colliei, the existence of the X cells in addition to the A, B and D cells has been confirmed by light and electron microscopy (PATENT and EPPLE, 1967; PATENT, 1976) . The occurrence of the X cells in the pancreatic islets of the ratfish is unique, as no similar cells have been found in the pancreas of vertebrates other than holocephalus (FALKMER and OsTBERG, 1977) .
Recently, immunocytochemical studies on the pancreatic endocrine cells have been performed in Hydrolagus colliei (STEFAN et al., 1981) . It was demonstrated that the B and D cells contained insulin-like and somatostatin-like immunoreactivities, respectively, while both the A and X cells contained glucagon-like immunoreactivities (STEFAN et al., 1981) . On the basis of their reaction to different kinds of anti-glucagon sera, the authors maintained that A cells corresponded to pancreatic glucagon cells and the X cells were homologous to the L cells (enteroglucagon cells) in the mammalian intestine (STEFAN et al., 1981) .
In the present immunocytochemical study, we reexamine the secretions of the A cells and the X cells using specific antisera for glucagon and related peptides. This study further aims to localize neuropeptide-like immunoreactivities in nerve cells and fibers in the pancreatic islets of the ratfish, Chimaera monstrosa.
MATERIALS AND METHODS
Six samples of Chimaera monstrosa, 100-140 cm in length from the head to the tail end, were captured in a fiord near Bergen, Norway.
The pancreas was dissected out and fixed in Bouin's fluid (without acetic acid) for 12 or 20 hrs. Tissue blocks were dehydrated in an ethanol series and, through xylen, embedded in paraffin. Serial sections 2 or 4 tcm in thickness were cut. The sections were stained with aldehyde fuchsin combined with Masson-Goldner's trichrome and with azan.
Immunocytochemical examination of the sections was performed partly by the indirect immunoperoxidase method (NAKANE and PIERCE, 1966) but mainly by the peroxidase-antiperoxidase (PAP) method (STERNBERGER, 1974) . The deparaffinized sections were rinsed in phosphate buffered saline (PBS) and incubated with normal swine serum (diluted to 1:200) for 30 min. After rinsing in PBS, they were incubated with the primary antisera for 4 hrs at room temperature.
For the PAP method, the sections were rinsed in PBS, then treated with anti-rabbit swine serum (1:30; DAKO, Denmark) for 30 min. The sections were rinsed with PBS and were successively treated with a PAP complex (1:60; DAKO, Denmark) for 30 min. In the case of anti-insulin guinea pig serum as the first layer, the sections were rinsed in PBS and then were treated with anti-guinea pig immunoglobulin goat serum conjugated with peroxidase (1:40; Miles, U. S. A.) for 45 min. The sections were incubated with 0.05 M Tris-HC1 buffer, pH 7.6, containing 3,3'-diaminobenzidine tetrahydrochloride (10 mg/100 ml) and 0.03% H202 for 10 min.
The primary antisera used were as follows: anti-insulin (1:800), N-terminal antiglucagon GLI (1:3000) and anti-somatostatin (1:4000) provided by Dr. S. ITo, Niigata University School of Medicine; N-terminal anti-glucagon GA10 (1:2000), anti-glicentin 49-69 R4804 (1:2000), anti-glucagon 19-29 OAL-128 (1:3000), anti-VIP R501(1:1600) and anti-GRP R6902 (1:1600) donated by Dr. N. YANAIHARA, Shizuoka College of Pharmacy; anti-bovine pancreatic polypeptide (1:12000) from Dr. R. E. CHANCE (Eli Lilly Co.); and anti-serotonin (1:8000) which was raised in rabbits according to the method by STEINBUSCH et al. (1978) .
The specificity of each reaction was checked by the use of a normal rabbit or guinea pig serum in place of the primary antiserum, and by the use of the primary antiserum inactivated by adding 10 ig/ml of relevant antigen.
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RESULTS
Four types of islet cells were recognized light microscopically with aldehyde fuchsinMasson-Goldner's technique and azan staining. A cluster of the B cells stained deep violet with aldehyde fuchsin occupied the center of the islet (Fig. 1) . These cells were shaped polygonally or spindle-like and reacted positively to the anti-insulin serum. The D cells were stained blue with azan and green with Masson-Goldner's technique (Fig. 1 ). They were pyramidal or spindle-like in shape and scattered in the islet and the outer layer of the pancreatic duct. They contained a somatostatin-like immunoreactivity.
Cells containing coarse granules which were stained claret with azocarmin and red with Masson-Goldner's technique were identified as the A cells (Fig. 1, 2) . Most of them were spindle-shaped, gathering either in smaller clusters in the periphery of a large islet or scattered in smaller islets. The A cells reacted only to the anti-glucagon GLI serum which is specific for the N-terminal of glucagon (Fig. 2, 3) . The X cells, which occupied the largest population among the islet cell types, were stained reddish gray with azan and Masson-Goldner's trichrome.
They made a large aggregation in the center of the larger islets (Fig. 1) . These cells were spindle-shaped and extended slender processes to the capillaries (Fig. 1) . The X cells were stained both with the N-terminal anti-glucagon GLI and with the anti-glucagon 19-29 OAL-128 which is specific for the C-terminal of glucagon ( Fig. 2-4) . The anti-glucagon GLI serum recognized both the A and the X cells. However, the reactivity of the two cell types differed slightly.
The A cells exhibited a strong reactivity when the diluted anti- space of the blood vessels surrounding the islets (Fig. 5a) . A neuronal somata reacting to the anti-VIP serum was found in the ganglion (Fig. 5b) . Nerve bundles distributed in the subcapsular connective tissue of the pancreas also exhibited VIP-like immunoreactivity. Nerve cell somata and fibers reacting to the anti-GRP serum were also found. These cells measured about 20 tcm and formed a cluster near the islet (Fig. 6b) . Beaded fibers containing the GRP immunoreactivity were issued from the ganglion cells and dispersed mainly around the islets; a few of them were located around the acini (Fig.  6a) .
DISCUSSION
The present immunohistochemical study demonstrated that five types of endocrine cells are localized in the pancreatic islets and the outer layer of the duct epithelium of the ratfish, Chimaera monstyosa. The B cells and the D cells were confirmed to contain insulin-and somatostatin-like immunoreactivities, respectively, while both the A and x cells were immunostained with glucagon antisera.
The fifth type of endocrine cell containing a serotonin-like immunoreactivity was demonstrated for the first time in the ratfish pancreas.
The present results on the B and D cells are consistent with previous immunohistochemical observations in the pancreatic islets of Hydrolagus colliei (FALKMER and OSTBERG, 1977; STEFAN et al., 1981) . However, as for the A and X cells, STEFAN et al. (1981) described in Hydrolagus colliei that the A cells reacted both to N-terminal and C-terminal anti-glucagon sera, and the X cells bound only to N-terminal anti-glucagon serum. The present results on the A and the X cells in Chimaera monstrosa are inconsistent with this report. We found that the X cells contained both N-terminal and C-terminal glucagon-like immunoreactivities, and the A cells contained N-terminal glucagon-like immunoreactivity. This discrepancy between the present observations and those by STEFAN et al. (1981) can not be accounted for only by differences in antisera and species. We look for further studies to elucidate which of the two cell types, namely the A cell or the X cell, is homologous to the pancreatic-glucagon cell, a constant constituent of the islet in vertebrates higher than teleosts.
In the mammalian gastro-entero-pancreatic endocrine system, the pancreaticglucagon cells and the enteroglucagon cells are differentiated immunocytochemically by using the N-terminal and C-terminal anti-glucagon sera. The N-terminal or the GLI-crossreactive antisera react both to the enteroglucagon and to the pancreaticglucagon cells, whereas the C-terminal or the glucagon-specific antisera bind to the pancreatic glucagon cells and the canine gastric glucagon cells (LARSSON et al., 1975; ITO and KOBAYASHI, 1976) . Furthermore, it has been established that both the enteroglucagon and the pancreatic-glucagon cells contain a similar precursor molecule, i.e., glicentin (RAVAZZOLA et al., 1979; . As for why the C-terminal antiglucagon serum does not react to the enteroglucagon, MOODY et al. (1978) have suggested that the C-terminal extension of the glicentin molecule masks the C-terminal portion of glucagon.
This assumption has been realized by YANAIHARA et al. (1979) . Further, MOODY and THIM (1981) have hypothesized that the pancreatic-glucagon producing cells possess a converting enzyme which processes the precursor into glucagon. In analogy to the situation in mammals introduced above, it is possible to presume that in the pancreatic islets of Chimaera monstyosa both the A and the X cells produce a Islets of Ratfish 375 similar precursor, whereas the two cells are different in their post-translational mechanism.
A few immunohistochemical studies have been performed to localize peptide hormones on the pancreatic endocrine cells of the elasmobranch, another group in the chondrichthyes. SEKINE and Yui (1981) have described how insulin-, glucagon-, somatostatin-and PP-like immunoreactivities are localized in the pancreatic endocrine cells of the ray, Dasyatis akajei. EL-SALHY (1984) has reported that five types of hormonal peptides, namely insulin, glucagon, somatostatin, PP and GIP are contained in distinctive cells of the pancreas of the dogfish, Squalus acanthias.
These reports on the pancreatic endocrine system of the elasmobranch have not indicated that glucagon cells are divided into two types. In the endocrine pancreas of the shark, Scyliorhinus stellaris, a combined light and electron microscope study demonstrated eight cell types (KOBAYASHI and ALI, 1981) . Here again the glucagon cells have been described as a single cell type.
There have been no biochemical studies available on the nature of glucagon in the pancreas of the holocephalian fish. In elasmobranchial fish, glucagon has been isolated from the pancreas of Torpedo marmorata, and its amino acid sequence has been analyzed (CoNLON and THIM, 1985) . It has been shown that three portions out of 29 residues differ from mammalian glucagon. In teleostean fish, glucagon and its precursors have been isolated from the islets of the angler fish, catfish and coho salmon (LUND et al., 1981 (LUND et al., ,1983 ANDREWS and RONNER, 1985; PLISETSKAYA et al., 1986) . Those biochemical studies have shown that teleostean glucagons were substituted in 6 to 9 portions out of 29 residues as compared with mammalian glucagon.
In the angler fish, LUND et al. (1981) have shown that the glucagon molecules and their precursors are divided into two types and that they are encoded by separate genes. However, whether two glucagons occur in different cells or in the same cells in the islet of the angler fish remains unknown.
The ontogeny of glucagon cells and GLI (glicentin) cells has been studied by immunohistochemistry in the pancreas of human fetuses (STEFAN et al., 1982; IwANAGA et al., 1983) , These studies have indicated that young fetuses contain a high proportion of glicentin immunoreactive cells and a small proportion of cells reacting both to the anti-glucagon and anti-glicentin sera. The proportion of the latter cell type increased in older fetuses. In the present study in Chimaera monstrosa, the A cells were supposed to be GLI or enteroglucagon type cells. Thus, it is possible to deduce that the A cells of Chimaera monstrosa may be homologous to the glicentin cells which occur transiently in the pancreatic islets of human fetuses.
Nerves in the pancreas of Hydrolagus colliei have been observed by electron microscopy (PATENT, 1976) . PATENT (1976) reported that nerve fibers characterized by numerous large granules were found in the periphery of the pancreatic islets. In the present study, neuronal somata and nerve fibers containing VIP-like immunoreactivities and GRP immunoreactive ganglion cells and their axons were localized along the margins of the islets and interlobular connective tissues of the pancreas.
At the former site, beaded profiles of the peptide containing nerves were often close to the capillary endothelium.
Electron microscope observation of Chimaera monstrosa has indicated that a cluster of nerve terminals containing large cored vesicles abutted on the capillary endothelial cells and on the islet cells with the basement membrane between (unpublished data). The pericapillary termination of the peptide containing nerve fibers suggests that they may release the peptides into the blood in a mode of neurosecretion or hemocrinia (FUJITA et al., 1981) . A pericapillary arrangement of nerve terminals suggesting hemocrine function has been first proposed in the canine pancreatic islets by FUJITA and KoBAYASHI (1979) and later also in the Japanese rat racer snake, mouse and mink (Fujil et a!.,1980; FUJITA et a!.,1981) . In the case of the ratfish, a reasonable assumption may be made that the VIP-like and GRP-like substances which are released from the nerve terminals may diffuse into the capillaries, to be distributed, by microcirculation, to the pancreatic exocrine cells, in addition to the endocrine cells. It remains to be clarified whether these peptides might exert some actions on the pancreatic functions, especially secretagogous effects upon the exocrine pancreas in Chimaera monstrosa. Also the microcirculation in the pancreas of the ratfish should be investigated in order to discuss more concretely the possible routes and targets of the neuropeptides released into the blood.
